Effect of salinity (NaCl, 100 mM) on growth, nitrate reductase (NR) and glutamine synthetase (GS) activities, and uptake of NH 4 + was studied in the wild type (WT) and the NaCl-tolerant mutant type (MT) of cyanobacterium Anabaena doliolum. Results obtained in the presence of salt showed significant reduction in the growth rate of both WT and MT cells of A. doliolum by about 77.8 and 40 %, respectively over without NaCl. Similarly rate of NR activity in both WT and MT strains was reduced by 45.5 and 44.5 %, respectively. On the contrary, rate of GS activity of both the WT and MT strains in the presence 100 mM of NaCl increased by 34 and 159 %, respectively. The results of this study indicate that tolerance to NaCl in A. doliolum is more dependent on NH 4 + assimilation rather than on nitrate assimilation in relation to N-metabolism. The increased GS activity in MT cells of the cyanobacterium is possibly because of high rate of energy dependent NH 4 + uptake.
INTRODUCTION
Increasing soil salinity in many parts of the world has become a major problem for plant productivity (Egamberdieva et al., 2008) . The widespread distribution of cyanobacteria under extreme conditions makes them a good tool to study the effect of stress conditions on cell metabolism. Inorganic forms of nitrogen nutrients are taken up by the plant cells through the membrane bound transport systems (Loque et al., 2007; Li et al., 2007) , which are subsequently incorporated in amino acids and proteins (Masclaux-Daubresse et al., 2006) . In relation to uptake of nitrogen nutrients, it has been found that the highly specific membrane transporters are involved, which do not allow the transport of other nutrients through the same transport system as in the case of NH 4 + transport (Gazzarrini et al., 1999) .
Though there are several experimental evidences about the impact of salinity on NH 4 + uptake and assimilation in higher plants (Salehi et al., 2008; Abdolzadeh et al., 2008) , such studies are rare in case of cyanobacteria. Apte and Bhagwat (1989) reported synthesis of salinity-stress-induced proteins in two nitrogen-fixing Anabaena strains. Recently, Soltani et al. (2007) have reported the effect of salinity on growth, photosynthesis, nitrogenase activity and antimicrobial effects in cyanobacterium Fischerella sp. FS18. (There is need to know about the response of nitrogen assimilation of cyanobacterium to NaCl stress due to reported involvement of nitrogen nutrition in amelioration of the NaCl toxicity to cyanobacteria) (Apte and Bhagwat, 1989; Waditee et al., 2001; Soltani et al., 2007) . Further, it would be interesting to study the effect of salinity stress on the membrane transport of NH 4 + , when the primary target of salinity is the cyanobacterial membrane system (Niu et al., 1995; Binzel et al., 1988) .
The present work is an effort to study the effect of NaCl-salinity stress on NH 4 + uptake and key enzymes of nitrogen assimilation i.e., NR and GS in WT and NaCl-tolerant MT cells of cyanobacterium A. doliolum.
MATERIALS AND METHODS

Organism and growth condition
The seed culture of cyanobacterium Anabaena doliolum was obtained from the "Centre for Conservation and Utilization of blue green algae." Indian Agriculture Research Institute (New Delhi). Axenic culture of the A. doliolum was routinely grown in the Allen and Arnon's medium at 25±1 °C with 14/8 hours light /dark cycle (light intensity of 10 Wm -2 ) Growth of the Anabaena was measured in terms of increase or decrease in the turbidity of the cultures at 665 nm by using NH 4 Cl (1.5 mM) as inorganic nitrogen source. Specific growth rate was calculated in the absence and presence of NaCl (100 mM). The nitrogen starvation of Anabaena cells was carried out for 48 hours before NH 4 + uptake studies. The protein concentration was measured by method described by Lowry et al. (1951) .
Isolation of Mutants
Exponentially growing cells of A. doliolum were mutagenized by using N'methyl-N-nitro-Nnitrosoguanidine (NTG) as described by Golden (1958) . Rest of the conditions were the same as those described earlier (Singh and Kshatriya, 2002) . Mutant was screened by using lethal doses of NaCl (400 mM).
Measurement of NH 4 + uptake
The NH 4 + uptake was measured in terms of loss of NH 4 + form the external medium. Rate of NH 4 + uptake was calculated in terms of nmol NH 4 + /mg protein/ hr. The uptake was initiated with the addition of 100 mM of NH 4 Cl. Samples were withdrawn at regular intervals and were centrifuged (3000 × g, 5 min). The NH 4 + concentration was determined according to Herbert et al. (1971) . Cells were suspended in the HEPES buffer, cell culture grade (10 mM, pH 6.5) to see the effect of NaCl (100 mM) on the NH 4 + uptake. NaCl (100 mM) and metabolic inhibitors were added to the uptake assay mixture prior to the addition of NH 4 + . The experimental flask without NaCl and inhibitors served as control.
Measurement of NR and GS activity
Activity of NR enzyme (EC 1.6.6.3) was measured by the method as described by Manazano et al. (1976) . NR activity was expressed in terms of n mol NO 2 -formed/ mg protein/ hr. The Mn + dependent γ-glutamyl transferase (L-glutamate ammonia ligase ADP forming) was measured by determining the rate of γ-glutamyl hydroxamate formed/mg protein/hr by using the method as described by Shapiro and Stadtman (1970) .
Statistical analyses
Statistical analyses were done on all samples (N=6). The values reported are means of two sets of three repeated observations±1SE. The effect of NaCl and metabolic inhibitors on NH 4 + uptake, NR and GS activity was determined through ANOVA.
RESULTS AND DISCUSSION
NH 4 Cl dependent growth of Anabaena doliolum cells
Time dependent growth (up to 7 days) of both the MT and WT cells of A. doliolum were measured with or without NaCl (100 mM) and NH 4 Cl (1.5 mM) as a nitrogen source (Table 1 ). The NaCl toxicity was more pronounced in the WT cells and its growth was reduced by approximately 77.8 % as compared to control (without NaCl). On the other hand growth of mutant cells responded to NaCl (100 mM) with growth reduction by approximately 40 %.
Photoautotrophs exposed to salinity stress condition mainly encounter two problems i.e. intracellular osmotic adjustment of the cell cytoplasm and ionic interference in the nutrient uptake (Reed et al., 1985) . However, plasma membrane is an important component (Binzel et al., 1988) that can be the primary target of salinity stress irrespective of the mode of NaCl action.The earlier reports on the cyanobacteria Nostoc muscorum and Fischerella sp FS18 have shown NaCl induced decline in growth rate with increasing salinity (Bhargava and Singh, 2006; Soltani et al., 2007) . Results on the growth behaviour of WT and MT cells in the presence of combined nitrogen source (NH 4 + ) exhibited differential response of both strains towards NaCl, due to more salinity tolerance by the MT cells.
NR and GS activity
The results on NR activity showed NaCl induced decrease in the NR activity of both the WT and MT cell by approximately 45.5 % and 44.5 %, respectively (Table 1) . On the contrary, the GS activity was found to be stimulated by NaCl (100 mM) in both strains. The extent of NaCl induced stimulation of GS activity in the WT cells (159 %) was higher than that of the MT cell (34.6 %) when compared with their corresponding control values obtained in the absence of NaCl. Many findings have revealed that results obtained concerning the effect of NaCl on NR activity are not always consistent (Aslam et al., 1984; Martinez and Cerda, 1989) . In the light of present findings, it could be suggested that NR enzyme in both the WT and MT cells respond to NaCl stress in a similar manner, irrespective of the level of salinity tolerance. However, results on GS activity in both the WT and MT cells are found to be reverse to NR activity in the presence of NaCl. The result may be interpreted in terms of NaCl induced nitrogen starvation like condition within the cells as evident from the reduced rate of NR activity. Similar reports have appeared regarding the stress induced decrease in the rate of NR activity leading to nitrogen deficiency within the cells (Louchli et al., 1990) . However, increased GS activity in presence of NaCl could be interpreted as more intracellular demand for nitrogen as suggested by Berteli et al. (1995) .
Effect of metabolic inhibitors
Since, the cyanobacterial membrane is the primary target of the NaCl stress, it was interesting to study NH 4 + uptake property of A. doliolum in the presence of NH 4 + (100 M) alone or in combination with the NaCl (100 mM). Results (Table 2) showed that the NH 4 + uptake rate in the WT cells was drastically reduced (by approximately 43.8 %), while the rate of uptake in the MT cells registered lesser decline (by 20 %) in the presence of NaCl, when the values were compared with respective control (without NaCl, 100 %).
To elicit the mode of NaCl induced inhibition of NH 4 + uptake, different metabolic inhibitors like CCCP (10 M), DNP (100 M) and Monensin (50 M) were used. However, the effect of CCCP was more pronounced in the WT cells than MT cells. On the contrary, addition of DNP (100 M) -an inhibitor of phosphorylation, could revert the effect of NaCl on NH 4 + uptake in both the WT and MT cells to the level of approx. 87 % as compared to the control (without NaCl, 100 %). Monensin (50 M) -an inhibitor of Na + transporting channel, also caused reversal of the inhibitory effect of NaCl as compared to the control. Taken together, effects of these inhibitors were more pronounced in the WT than the MT cells. Results on the NaCl induced inhibition of NH 4 + uptake showed a reduced susceptibility of uptake process of the MT cells towards NaCl as compared to that of the WT, due to an elevated level of NaCl tolerance of MT. Use of metabolic inhibitors suggested that NaCl induced inhibition of NH 4 + uptake in the Anabaena is mediated by Na + /H + anti-port system as evident from the inhibitory effect of Monensin -an inhibitor of Na + /H + anti-port system (Karpel et al., 1991) . The DNP induced reversal of NaCl effect on the NH 4 + uptake might be due to its effect on the excess accumulation of proton, which regulates the intake of both the Na + as well as NH 4 + ions.
From the above discussion, it was deduced that NaCl has relatively more pronounced effect on NH 4 + uptake and NR and GS activities of WT cells. While the lesser susceptibility of the MT to NaCl as compared to WT might be explained based on increased NaCl tolerance of the MT cells.
